Background: Obesity has an increasing trend worldwide. Recently, application of body mass index (BMI) cutoff points of obesity classification for all population studies has been questioned. On the other hand, bioelectrical impedance analysis (BIA) is a safe, accurate, reliable and inexpensive method for screening the overweight and obesity in such studies. Objectives: There were three objectives followed in this research: to determine the prevalence of obesity and overweight in married women using BMI and BIA methods; to evaluate the correlation between these methods; and to compare the women's obesity degrees according to their educational levels. Method: Six hundred and thirty-seven healthy married women 18-40 years aged, who had referred to 14 health centers of the city of Ahvaz (center of Khouzestan province, south-west of Iran) were recruited in a cross-sectional design, and their socioeconomic and anthropometric questionnaires were completed by the trained students. Body fat percent (%BF) and body fat mass (BFM) were measured using BIA method. BMI425 and 430 kg/m 2 were used as criteria for determining the overweight and obese women, respectively. %BF435% was regarded as cutoff for defining obesity. Results: Mean age7s.d. of the women was 26.975.8 years and majority of them were housewives with secondary educational level. Their BMI, %BF, waist-to-hip ratio, and mid-upper arm circumference means were: 25.9(4.7) kg/m 2 , 27.6(7.3)%, 0.75(0.08) and 27.9(3.9) cm, respectively. Central obesity was prevalent in 21.2% of the subjects. Prevalence of obesity determined by BMI and BIA methods was 18.3 and 15.5% and women within normal ranges were detected in 44.7 and 46% of the subjects by these methods, respectively. However, thin (underweight) women were 2.6 and 14.6% of the subjects studied, respectively. About one half of the women were overweight or obese. BMI was statistically correlated with BFM (r ¼ 0.86; Po0.0001) and %BF (r ¼ 0.77; Po0.0001). Women with higher educational levels had lower body fat percentage and BMI than the other subjects with lower degrees (Po0.05). Conclusion: Obesity and overweight is prevalent in about one-half of the Ahvazian married women and more than one-fifth of the subjects have central obesity. BIA and BMI methods can similarly detect the normal and obese married women but they are different in determining the underweight female subjects. Women with higher educational grades tend to have lower BMI levels.
Introduction
It is widely acknowledged that obesity has emerged as an epidemic in both developed and developing countries during the recent 20 years and it continues to be an issue of great concern. Obesity is important enough to cause experts to define this as an obesity epidemic. Several studies have shown that obesity is associated with more complicated diseases such as cardiovascular diseases (CVDs) (Popkin and Doak, 1998 ).
In the middle-east, we are facing a sharp increase in the trend of obesity. In Kuwait, for example, more than 70% of adults have body mass index (BMI) more than 25 kg/m 2 (Al-Isa, 1995) . In Saudi Arabia and Egypt, 24 and 35% of adult females have been reported as obese, respectively (Khorshid and Galal Osman, 1995; Al-Nuaim et al., 1996) . In Iran, there are limited findings on prevalence of obesity; however, they are indicating an increasing trend towards gaining more body weights (Mirmiran et al., 2003) .
On the other hand, the BMI classification of overweight and obesity in Asian populations has been controversial, and investigating whether the accepted BMI cutoff points are appropriate for identifying increased health risks is an important challenge for Asian countries health systems (Oh et al., 2004) . A WHO (World Health Organization) expert consultation reviewed scientific evidence, which suggests that Asian populations have different associations between BMI, percentage of body fat and health risks than do European populations, and they concluded that the proportion of Asians with a high risk of type II diabetes and CVD is substantial at BMIs lower than existing WHO cutoff point for overweight (i.e., BMIX25 kg/m 2 ) (WHO, 2004) . In one study (Moon et al., 2002) , 5750 Koreans of 15-69 years were investigated for evaluating the relationship between BMI and obesity-related diseases, in particular hypertension and diabetes mellitus. The authors concluded that both diseases occur in Koreans with lower BMIs than the Whites. To clarify these discrepancies, bioelectrical impedance analysis (BIA) method has received a great interest as a useful tool in evaluating the body fat and composition in both healthy individuals and patients (Kitano et al., 2001; Sampei et al., 2001; Pecoraro et al., 2003; Piccoli et al., 2005) .
In Iran, because of a fast nutritional transition, which has occurred during recent years, dietary and lifestyle patterns have obviously been changed and it is postulated that overweight and obesity prevalence is higher than every time. However, there is no database for health promotion strategies. Moreover, as the relationship between BMI and body fat varies in different communities, evaluation of the BMI-body fat association in a given population is desirable.
In the present study, three main objectives were followed: to determine the prevalence of overweight and obesity among adult healthy female subjects using both BMI and BIA methods; to evaluate the correlation between these methods; and to compare the women's obesity degrees according to their educational levels in city of Ahvaz, one of the five largest cities of Iran, which is located by the Persian Gulf.
Methods and subjects
Design and subjects In this cross-sectional study, 637 healthy married women aged 18-40 years who had referred to 14 main city health centers for their periodic child check-up were selected. There was no alcohol drinking, pregnancy period and specific medical problems reported in women. The centers were located in south, north, west, center and east points of the city of Ahvaz. Sampling was carried out based on population coverage of the centers in autumn and winter 2003 and 50-60 subjects were randomly selected from the list of referents in each center. The study protocol was approved by the University Medical Ethics Committee.
Variables and measurements
Socio-economic status questionnaires were completed and subjects' anthropometric indices including body weight, standing height, BMI, waist-to-hip ratio (WHR) and midupper arm circumference were measured by the trained senior nutrition students. WHR was taken at the mid-point between the top of the hip bone and the lowest rib of each subject after breathing out position (Diabetes UK, 2006) . Body weights and heights were measured using Seca digital scale (Germany) and a non-stretchable wall meter, respectively. Individual BMI was calculated as body weight (in kg) divided by height (in m 2 ). Body fat mass (BFM) and body fat percent (%BF) were obtained using BIA method by handto-hand Omron BF-302 set, Japan, with standard errors of estimate (accuracy) of 4.1%. Validity of Omron BF-300 (another set which is very similar to BF-302) against the Siri equation was determined through technical error by Martin Moreno et al. (2001) . They showed that this monitor satisfies the intra-class correlation coefficient (ICC) and the BlandAltman method and the precision criteria (ICC 40.95 and low coefficient of variance) and validation (excellent technical error, ICC 40.75 and clinically acceptable differences), and is a valid alternative to cutaneous folds as a method of assessing nutrition of the subjects.
Body fat measurement was carried out between 9 and 10 h in the morning, which is recommended in BIA method. Central obesity was defined as WHR40.80. WHO classification of BMI (WHO, 1998) and %BF more than 35% as the cutoff point of obesity (Deurenberg et al., 1998; Deurenberg and Yap, 1999) were used for interpretation of anthropometric findings.
Statistics
Statistical relationship between %BF-BFM and BMI was tested by Pearson's correlation coefficient. w 2 and analysis of variance tests were performed for analysis of statistical relationship between categorized variables and to compare the difference between anthropometric measurements in different educational levels, respectively. Statistical software used was SPSS, version # 11.5. A P-value less than 0.05 was regarded as significant.
Results
The age mean7s.d. of women was 26.975.8 years within the range of 18-40 years. Table 1 shows the basic characteristics of the women studied. Majority of them were housewives with secondary educational level. Central obesity was
Determination of prevalence of obesity using BMI and BIA methods R Amani detected in 21.2% of the subjects. Overweight and obesity prevalence based on BMI categories and %BF criteria are shown in Tables 2 and 3 , respectively. Both BMI and BIA methods showed the percent of normal female subjects closely (44.7 and 46%, respectively), but they were quite different in presenting the thin (or underweight) subjects (2.6 vs 14.6%, respectively). Figure 1 indicates a close correlation between BMI values and BFM (r ¼ 0.86; Po0.0001). Furthermore, %BF had a significant curvilinear correlation with BMI (r ¼ 0.77; Po0.0001; Figure 2 ). Women with university educational degrees had lower BMI levels (Po0.01; Table 4 ). 
Discussion
Obesity is a major risk factor for many chronic diseases such as type II diabetes, CVD and other morbidities (WHO, 1998) ; at the same time, this effect is, at least, partially mediated by increased prevalence of other risk factors such as insulin resistance and hypertension (Huang et al., 1998; Wannamethee and Shaper, 1999) . On the other hand, the appropriateness of the BMI cutoffs in Asian populations, in spite of wide accepted application, has been questioned in recent years (Oh et al., 2004; WHO, 2004) . Hence, it is prudent to make the diagnosis of obesity based on the measure of percentage body fat. BIA method is a useful, available, inexpensive, valid and reliable technique in nutritional epidemiologic studies on both healthy subjects (Blanchard et al., 1990; Roubenoff, 1996; Pecoraro et al., 2003) and patients monitoring in medical settings and clinics (Ellis et al., 1999; Lukaski, 1999; Erselcant et al., 2000) for body composition analysis and investigating obesity and overweight prevalence.
The results of this study showed that about one-half of the married healthy women were overweight and obese, and it is to remind that as a natural biologic trend, overweight people will get more fat in the form of adipose tissue in their bodies even when the body weight have been remained unchanged. This increasing trend is more obvious in developing countries as well as in Iran, which had been witnessing a rapid nutritional transition and changing lifestyle pattern (Amani, 2003; Mirmiran et al., 2003) . The prevalence of obesity in Iran, however, is less than the other Eastern Mediterranean region countries, for example, Kuwait, Saudi Arabia and Egypt (Al-Isa, 1995; Khorshid and Galal Osman, 1995; Al-Nuaim et al., 1996) .
Moreover, it was observed that there is a close significant correlation between BFM and BMI, and to a lower degree between %BF and BMI (Figures 1 and 2) . However, the latter was a nonlinear correlation. Gallagher et al. (2000) also showed a similar curvilinear correlation between %BF obtained from dual-energy X-ray absorptiometry (DXA) method and BMI.
On the other hand, it was observed that BIA and BMI methods had a wide difference in prediction of thin and/or underweight women. Pecoraro et al. (2003) also showed a significant positive correlation between fat mass measured by BIA and BMI (r ¼ 0.92; Po0.001). The sensitivity and specificity of BMI in low-percent body fat subjects were calculated by Gartner et al. in 586 women of Congo, Central Africa. The authors found that the correlation between %BF and BMI was high (r ¼ 0.84; Po0.001) and sensitivity and specificity of BMIo18.5 kg/m 2 (i.e., cutoff point for thinness) in relation to %BF was 58.5 and 93.6%, respectively, and at last, they concluded that BMI was not a good predictor of low %BF (Gartner et al., 2000) . This finding is in agreement with the results presented here. By comparing the BIA and skin-fold thickness with a gold standard, that is, DXA, in 155 young Japanese female college students within the 19.6-21.1-year-old range, Kitano et al. (2001) found a close significant correlation between DXA and BIA methods (r ¼ 0.927; Po0.001). In another study, after measuring body fat (by multiple skinfolds and bioimpedance) against a criterion method (deuterium dilution) in 141 middle-age healthy Indian men, the authors indicated that multiple skinfolds measurements or calibrated BIA methods should be used for assessing the risk of chronic diseases in Indians rather than BMI cutoff points (Bhat et al., 2005) .
The findings of present study have indicated that women with higher educational grades tend to have less body BMI. However, %BF values showed no differences between various educational levels. Furthermore, women who were engaged in more physically strenuous jobs had a lower body fat (data not shown here). Buemann et al. (1995) , in a cross-sectional study on 358 men and 368 women of the Quebec Family Study, found that there is an inverse associations between educational level and BMI, percent body fat, truncal skinfold in women but not in men.
Central obesity is an important indicator of having higher risk for chronic diseases (known as metabolic syndrome) in later life (WHO, 1998) , which was observed in more than one-fifth of the individuals. However, some authors have previously indicated that there are limitations in application of abdominal obesity cutoff points, because of small number of the subjects and cross-sectional design of the studies, which were mainly carried out on Caucasian populations. Moreover, these cutoffs are not taking into account possible differences between genders, age categories, ethnic groups, different diseases and mortality (Molarius and Seidell, 1998) . In particular, Asians appear to have higher morbidity at lower cutoff points for waist circumference than do white Caucasians. International health agencies that deal with obesity (WHO, International Obesity Task Force) should take cognizance of these data and consider formulating new cutoff points for waist circumference to define abdominal obesity for Asian populations (Misra et al., 2005) .
In conclusion, it was observed that about one half of the Ahvazian women are overweight or obese. BIA and BMI methods are closely correlated in determining the normal and obese women, but they are quite different in predicting underweight and/or thinness prevalence. Women with less educational grades tend to have more body fat.
Finally, although this study was not conducted in all 20 city health centers on large numbers of samples, and we could not also present the data in accordance with different minority groups, however, because of wide coverage of these centers in the main areas of the city and the random sampling procedure used, present findings can be considered as a preliminary database needed for future health strategies and for large-scale priority setting. Further studies on related fields with a greater number of subjects of different minority groups are needed.
